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INTRODUCTION
Twins complicate approximately 1-2% of all pregnancies
and contribute significantly to perinatal morbidity and mor-
tality (1-4). The perinatal mortality rate in second twins born
at term is higher than in first twins, and this increased mor-
tality is mainly due to intrapartum hypoxia (5), which may
result from premature separation of the placenta after the
vaginal delivery of the first twin or a longer period of aorto-
caval compression for the second twin (6, 7). Therefore, this
risk in second twins can theoretically increase with increas-
ing time between the deliveries of twins. 
Traditionally it has been considered that the inter-twin deliv-
ery interval should be preferably less than 15 min and cer-
tainly no more than 30 min, to minimize the risk of hypox-
ia in the second twin (6-10). On the other hand, several inves-
tigators have shown no increased risk in perinatal morbidity
or mortality with increasing inter-twin delivery interval if
continuous electronic fetal heart monitoring was used (11-14).
The reasons for discrepant results among studies may be due
to the different outcome variables used for analyses, which
have included Apgar scores and mortality rate, and the fact
that previous studies have involved heterogeneous twin preg-
nancies with different modes of delivery for second twins.
Apgar scores or perinatal mortality alone provide unsatisfac-
tory means of defining birth asphyxia or predicting the neu-
rologic outcome of newborns (15-17). Moreover, both breech
extraction and intrapartum external version are potential con-
founding variables that clearly affect the clinical condition
of newborns (1, 7, 18, 19). Therefore, we focused on the out-
come of newborns based on fetal acid-base status as measured
in umbilical arterial blood to provide objective evidence of
peripartum asphyxial insult and subsequent neonatal out-
come, and in addition, we selected twin pregnancies where
both twins were delivered in the normal cephalic vaginal
mode. The purpose of this study was to determine the effect
of twin-to-twin delivery interval on umbilical artery acid-base
status of the second twin at birth.
MATERIALS AND METHODS
Study design
This was a retrospective study conducted at Seoul National
University Bundang Hospital between June 2003 and Febru-
ary 2006, using data stored in an electronic medical record
system. The study population consisted of all twin deliver-
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Relationship between Twin-to-twin Delivery Interval and Umbilical
Artery Acid-base Status in the Second Twin
The purpose of this study was to determine the effect of twin-to-twin delivery interval
on umbilical artery acid-base status of the second twin at birth. This was a retrospec-
tive cohort study of all live-born twins with measured acid-base status in umbilical
arterial blood who were delivered after 34 weeks’ gestation from June 2003 to Febru-
ary 2006. Twins with any maternal or fetal complications were excluded. Subjects
were divided into two groups based on the mode of delivery of the first twin: normal
cephalic vaginal deliveries (n=40) or cesarean deliveries (n=67). The inter-twin dif-
ferences in umbilical arterial blood pH, PCO2, PO2, and base excess in twin new-
borns born vaginally were significantly greater than the corresponding differences
in those born by cesarean section. A significant positive correlation was found bet-
ween twin-to-twin delivery interval and inter-twin difference in umbilical arterial blood
pH in twin newborns born vaginally. The umbilical arterial blood pH of the second
twin was less than 7.0 in 14% (2/14) in cases delivered more than 20 min after the
first twin. The umbilical arterial blood gas status of the second twin worsened with
increasing twin-to-twin delivery interval, and pathologic fetal acidemia (pH <7.0)
might develop in the second twin when the twin-to-twin delivery interval was greater
than 20 min.
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ies during the study period who met the following criteria:
1) live births of both twins; 2) delivery occurring after 34
completed weeks of gestation; 3) no significant obstetric or
medical complications (i.e., discordant growth [defined as a
birth weight discrepancy of more than 20%], twin-to-twin
transfusion, fetal growth restriction, fetal congenital anoma-
ly, and preeclampsia); 4) with determined umbilical artery
acid-base status immediately after the delivery of each twin.
Subjects were divided into two groups based on the mode of
delivery of the first twin (twin A): normal cephalic vaginal
deliveries (n=40) or cesarean deliveries (n= 67). We first com-
pared inter-twin differences in blood gas parameters between
these two study groups. In the vaginal delivery cohort, we
then examined the relationship between twin-to-twin deliv-
ery interval and inter-twin differences in umbilical arterial
blood pH. Inter-twin differences in blood gas parameters were
calculated by subtracting the values of cord gas variables in
the second twin (twin B) from those of the first twin. The
twin-to-twin delivery interval was defined as the time bet-
ween the deliveries of twins. Antenatal, postnatal, and neona-
tal data were collected from maternal and neonatal charts by
one of the authors. This retrospective study was exempted
from institutional review board approval because it was per-
formed by chart review only. 
Protocol for the intrapartum management of twins
Intrapartum twin management was carried out according
to the standard protocol used at Seoul National University
Bundang Hospital. Twins in a vertex-vertex position were
given a trial of labor. Labor was induced in all patients who
remained undelivered at 38 weeks’ gestation. During labor,
both twins were continuously monitored using a dual chan-
nel monitor that simultaneously recorded a fetal heart rate
tracing of both twins. A large episiotomy was usually made,
and twin A was delivered in the same manner as a singleton.
After the delivery of twin A, continuous monitoring of the
fetal heart rate was undertaken while watching for any excess
vaginal bleeding. Oxytocin infusion was started if uterine con-
tractions did not resume within 10 min after the delivery of
twin A. 
Cord blood gas analysis
Immediately after the delivery of each twin, segments of
umbilical cord were doubly clamped and labeled. Samples
of blood from the umbilical artery of each cord were drawn
into labeled heparinized syringes, which were then capped
with a plastic cover and placed in an iced-filled container.
These samples were analyzed immediately for arterial pH,
PCO2, PO2, and base excess, using an automatic blood gas
analyzer (OMNI, Roche, Swiss).
Statistical analysis
Univariate analysis was conducted using the  2 test, the
Student’s t test or the Mann-Whitney U test. Pearson corre-
lation analysis was used to determine the relationship bet-
ween twin-to-twin delivery interval and inter-twin difference
in umbilical arterial blood pH in twin newborns born vagi-
nally. p values of <0.05 were considered statistically signifi-
cant.
RESULTS
From June 2003 to February 2006, 2,358 women delivered,
of whom 189 (8%) had twins, and among the 158 women
with live-born twins born at or beyond 34 weeks’ gestation,
27 had a maternal or fetal complication, and 24 did not have
cord blood gas results for either of the twins. Thus, these
women were excluded from the study, leaving a total of 107
Values are given as mean±SD or % [n]. NS, not significant.
Characteristics
Vaginal 
delivery (n=40)
Cesarean 
delivery (n=67)
p
values
Maternal age (yr) 30.9±2.8 31.1±3.0 NS
Nulliparity 75% (30/40) 71% (48/67) NS
Gestational age at delivery 36.6±1.3 36.3±0.8 NS
(weeks)
Twin A
Birth weight (grams) 2,527±354 2,511±332 NS
Apgar score <7 at 1 min 5% (2/40) 3% (2/67) NS
Apgar score <7 at 5 min 0% (0/40) 0% (0/67) NS
Intensive care nursery  10% (4/40) 4% (3/67) NS
admission
Intubation in delivery room 0% (0/40) 0% (0/67) NS
Twin B
Birth weight (grams) 2,550±406 2,483±325 NS
Apgar score <7 at 1 min 20% (8/40) 3% (2/67) <0.01
Apgar score <7 at 5 min 3% (1/40) 1% (1/67) NS
Intensive care nursery  13% (5/40) 3% (2/67) NS
admission
Intubation in delivery room 0% (0/40) 0% (0/67) NS
Twin-to-twin delivery interval  17.3±12.8 1.1±0.4 <0.005
(min)
Table 1. The demographic and clinical characteristics of the
study population according to the mode of delivery of the first
twin
Values are given as mean±SD.
Parameter
Vaginal delivery
(n=40)
Cesarean delivery
(n=67)
p
values
pH 0.061±00 ±0 <0.001
PCO2 (mmHg) -8.62±9.93 -1.64±4.94 <0.001
PO2 (mmHg) 8.74±8.56 1.68±13.35 <0.005
Base excess (mEq/L) 0.87±2.73 -0.47±1.85 <0.005
Table 2. Inter-twin differences in umbilical arterial blood gas
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women for the study population. The distribution of twins
by presentation included 54 vertex-vertex pairs, 34 vertex-
nonvertex pairs, and 19 pairs with a nonvertex twin A. Of
the 54 vertex-vertex twin pairs, 39 were born vaginally, 14
were born by cesarean section (because of fetal distress [n=1],
a failure to descend [n=6], and previous uterine surgery [n=
7]), and in one case, twin A was born vaginally and twin B
by cesarean section because of failure to progress and fetal
distress. All pairs with a vertex-nonvertex twin or a nonver-
tex twin A were delivered by cesarean section.
Table 1 describes the demographic and clinical character-
istics of the study population according to the mode of deliv-
ery of twin A. No significant differences were found in terms
of mean maternal age, the distribution of parous and non-
parous women, mean gestational age at delivery, or mean
birth weights of twin A and twin B between the two groups.
Moreover, the incidences of a low Apgar score at 1 and 5 min
for twin A were not significantly different between the two
groups, but the incidence of a low Apgar score at 1 min for
twin B was significantly higher in twin newborns born vagi-
nally than in those delivered by cesarean section. Moreover,
the mean twin-to-twin delivery interval was significantly
longer in twin pairs born vaginally than in those delivered
by cesarean section. 
Table 2 presents inter-twin differences in umbilical arteri-
al blood gas parameters according to the mode of delivery of
twin A. Inter-twin differences in umbilical arterial blood pH,
PCO2, PO2, and base excess in twin newborns born vaginally
were significantly greater than the corresponding differences
in those born by cesarean section. When analysis included
twin newborns born vaginally, a significant positive correla-
tion between twin-to-twin delivery interval and inter-twin
differences in umbilical arterial blood pH was noted (r=0.504,
p=0.001) (Fig. 1). 
Table 3 shows the clinical characteristics of 14 cases where
twin B was delivered more than 20 min after twin A. The
umbilical arterial blood pH of twin B was less than 7.0 in
14% (2/14) of the cases delivered more than 20 min after
twin A. Moreover, there were no cases of pathologic fetal
academia (pH <7.0) when twin B was delivered within 20
min of twin A.
Of the 67 cases where twins were both delivered by cesare-
an section, 54 (81%) were delivered in the absence of labor,
whereas the remaining 13 (19%) were delivered during the
first or second stage of labor. No significant differences were
observed between twin newborns delivered by cesarean sec-
tion during the first or second stage of labor and those deliv-
ered in the absence of labor in terms of median inter-twin
differences in umbilical arterial blood pH, PO2, and base
excess. However, the inter-twin difference in umbilical arte-
rial blood PCO2 was significantly greater in twin newborns
born by cesarean section during the first or second stage of
labor than in those born in the absence of labor (median -2.6,
range -14.4-2.6 vs. median -1.25, range -13.3-9.1, p<0.05,
Mann-Whitney U test).
DISCUSSION
The results of our study suggest that umbilical arterial
blood gas status of the second twin worsens with increasing
twin-to-twin delivery interval, and that pathologic fetal aci-
demia may develop in the second twin when the twin-to-
twin delivery interval is greater than 20 min. These results
indicate that active intervention and prompt vaginal deliv-
ery of the second twin is necessary to minimize the second
stage of delivery of the second twin. A similar observation
Cases
Twin-to-
twin 
delivery
interval 
(minutes)
Gesta-
tional age
at delivery
(weeks)
Umbilical
arterial
blood pH
of the first
twin
Umbilical
arterial
blood pH
of the sec-
ond twin
Apgar
score 
of the 
second
twin*
Vaginal
blee-
ding
1 21 35.6 (-) 7.174 6.969 5-8
22 1 3 7 ( -) 7.231 7.176 5-7
3 22 37.1 (-) 7.297 7.267 7-8
4 23 37.2 (-) 7.331 7.272 9-9
5 25 37.5 (-) 7.291 7.216 8-9
6 26 35.4 (-) 7.295 7.091 7-8
7 30 35.1 (-) 7.257 7.131 6-9 
8 30 37.6 (-) 7.269 7.236 8-9
9 32 35.6 (-) 7.379 7.078 7-8
10 34 37.3 (-) 7.3 7.233 7-8
11 35 38.1 (-) 7.193 7.23 8-9
12 37 38.2 (-) 7.248 6.931 5-7
13 39 36 (-) 7.282 7.235 8-8
14 64 37.1 (-) 7.304 7.136 6-8
Table 3. The clinical characteristics of 14 cases where the sec-
ond twin delivered more than 20 min after the first twin
*Scores at 1 min and 5 min. 
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Fig. 1. Twin-to-twin delivery interval and inter-twin difference in
umbilical arterial blood pH in twin newborns delivered vaginally.
There was a significant positive correlation between twin-to-twin
delivery interval and inter-twin difference in umbilical arterial blood
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was made in a population-based study in the setting of fetal
distress and low Apgar scores for second twins (20). 
Several investigators have reported that umbilical arterial
blood gas status is poorer in second twins than in first twins
(21-23), and the findings of the present study are consistent
with these observations. Moreover, our data indicate that the
reason why second twins are at increased risk of hypoxia is
due to delayed delivery. The present study is unique in that
the outcome variable chosen to draw this conclusion was inter-
twin difference in umbilical arterial blood gas parameters,
rather than umbilical arterial blood gas parameters alone. To
our knowledge, this is the first report comparing first twins’
umbilical arterial blood gas parameters with those of second
twins in the same pregnancy, which utilizes the first twin as
a matched control for the second twin. Furthermore, we care-
fully selected a homogenous group of twin pregnancies with-
out any maternal or fetal complications. Consequently, many
of the confounding variables that might affect cord blood gas
values, such as, labor, mode of delivery, and epidural anes-
thesia, were eliminated (24, 25).
Then why do second twins have a potentially greater sus-
ceptibility to hypoxia than first twins? After the delivery of
a first twin, a sudden reduction in uterine volume may cause
either constriction of the uterine vessel or partial separation
of the placenta. This view is justified by observations made
by other groups (26, 27), which indicated that uterine vas-
cular resistance increases soon after delivery, and that lesser
degrees of abruption might develop shortly before delivery
of a single fetus when the amniotic fluid has drained from
the uterus, the fetus has descended, and the fetal head is on
the perineum. An alternative explanation is that the supine
and lithotomy position assumed during the birth of the sec-
ond twin is at increased risk of aortocaval compression, which
in turn leads to a reduction in uteroplacental blood flow. In-
deed the findings of Gupta and Hofmeyr (28) support this
view, i.e., that the use of any upright or lateral position dur-
ing the second stage of labor, as compared with the supine
and lithotomy positions, is significantly associated with fewer
abnormal fetal heart rate patterns. Regardless of the underly-
ing cause for placental ischemia after the delivery of the first
twin, our findings support the practice of close monitoring
and the immediate vaginal delivery of the second twin.
A major finding reported herein is that a significant posi-
tive correlation was found between twin-to-twin delivery
interval and inter-twin difference in umbilical arterial blood
pH in twin newborns born vaginally. This finding is in keep-
ing with the observation made by Leung et al. (29), who
demonstrated a significant negative correlation between inter-
twin delivery interval and umbilical arterial blood pH and
base excess of the second twin when delivered vaginally. These
findings have important clinical implications because twin-
to-twin delivery intervals are potentially under the control
of the clinician. Importantly, these observations strongly sup-
port active intervention to complete the delivery of the sec-
ond twin (i.e., oxytocin augmentation and amniotomy, if safe). 
It is noteworthy that the present study indicates that patho-
logic fetal acidemia might develop in the second twin when
the twin-to-twin delivery interval exceeded 20 min. This
finding supports the traditional view that the inter-twin deliv-
ery interval should be preferably less than 15 min and cer-
tainly no more than 30 min (6-10). Similarly, Leung et al.
reported that the umbilical arterial pH of the second twin
was not less than 7.0 in any case delivered within 15 min of
the birth of the first twin, and in 5.9% if within 16-30 min
and in 27% if more than 30 min (29). Collectively, these ob-
servations suggest that the safest interval between delivery
of the first and second twins is less than approximately 30 min
and that shorter intervals may reduce the risk of fetal acidemia
in the second twin. Then, given the above one might ask if
the second twin is not delivered by the proposed inter-twin
delivery interval time limit, whether or not he or she should
proceed immediately with emergency cesarean delivery. How-
ever, the outcome of baby should not be assessed by cord blood
gas analysis alone. A rigorous definition of severe birth asphy-
xia should include umbilical artery acidemia (pH <7.0), ext-
remely low Apgar scores for longer than 5 min, the need for
resuscitation at birth, and evidence of neonatal end-organ
damage, such as, early seizures and cardiac or renal dysfunc-
tion (30, 31). In our study, two infants with a pH of less than
7.0 had a 5-min Apgar score of 7 or higher, and did not require
resuscitation at birth, and were admitted to the regular new-
born nursery. Even in the study by Leung et al. (29), where
cord blood gas analysis alone was used to determine baby
outcome, it was concluded that the 30-min limit was bio-
chemically and clinically significant. In addition, several inves-
tigators have reported that a protracted birth interval is not
associated with an adverse outcome provided that continu-
ous, reassuring fetal monitoring is available throughout the
inter-twin delivery interval (11, 14, 32, 33). On the basis of
these careful observations, even though we do not object to
setting an upper limit for the inter-twin delivery interval as
a good clinical practice guideline, we believe that it is unwise
to decide on cesarean section based entirely on a time limit
without considering other favorable factors for the continu-
ation of vaginal delivery, such as, the descent of the fetal head
and a normal fetal heart rate pattern. Further large, prospec-
tive, randomized studies are required to solve this issue. 
Inter-twin differences in umbilical arterial blood pH, PCO2,
PO2, and base excess in twin newborns born vaginally were
significantly greater than in twins born by cesarean section.
Moreover, the incidences of a low Apgar score at 1 and 5 min
for the first twin were not significantly different between
twin newborns born vaginally and those delivered by cesare-
an section, but the incidence of a low Apgar score at 1 min
for the second twin was significantly higher in twin new-
borns born vaginally than in those delivered by cesarean sec-
tion. These findings suggest that cesarean delivery, in which
babies are delivered within a few minutes of each other, bene-252 Y.H. Suh, K.H. Park, J.-S Hong, et al.
fits the second twin more than the first twin in terms of oxy-
gen, pH, and base excess as well as Apgar score. However,
the small differences in umbilical arterial blood pH and Apgar
scores involved are not large enough to impact clinical man-
agement and therefore routine cesarean delivery for all ver-
tex-vertex was not supported. Similarly, numerous observa-
tional reports have shown no benefit of cesarean over vaginal
delivery with respect to any measure of neonatal morbidity
or mortality when the first twin is vertex (34, 35). 
This study has several limitations that mainly stem from
its small sample size and retrospective study design. How-
ever, the degree of agreement between our data and those of
other larger studies (20, 29, 36) is reassuring. In conclusion,
our data suggest that the umbilical arterial gas status of the
second twin worsens with increasing twin-to-twin delivery
interval, and that pathologic fetal acidemia may develop in
the second twin when the twin-to-twin delivery interval
exceeds 20 min. 
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